The injection system for the RIKEN 6-sector superconducting ring cyclotron (SRC) consists of four bending magnets (BM1, BM2, BM3, BM4), three magnetic inflection channels (MIC1, MIC2, MIC3), and an electrostatic inflection channel (EIC). The four bending magnets and one of the three magnetic channels are superconducting. In this paper, the status of the design study of the BM1 is reported.
INTRODUCTION
The injection and extraction systems of the RIKEN 6-sector superconducting ring cyclotron (SRC) are designed.
[1, 2, 3, 4] It is required that the disturbance due to the bending magnets in the acceleration region should be less than 100 G. Two types of bending magnets -with an iron yoke or a shield coil -have been studied. A stray field up to 0.6 T is anticipated in the area of the BM1 due to the saturation of iron yoke of the main SRC's sector magnet, depending on ions. Then, if the BM1 has an iron yoke, the iron yoke saturates due to the stray field. Such saturation of the iron yoke was simulated by the field calculation, with 3D electromagnetic calculation code TOSCA, for the complete configuration of 6-sector magnets. As a result, it was found that the iron yoke is ineffective due to the stray fields of up to 0.6 T from the sector magnets, and an active-shield type magnet, which is equipped with shield coils, is adopted for the BM1 close to the sector magnets. The magnetic inflection channels are also designed to be an active shield type. In this paper, we discuss about the design of the injection bending magnet BM1, in particular about the optimization of the cross-sectional shape of the BM1. Major parameters of BM1 are shown in Table 1 . 
OPTIMIZATION OF CROSS SECTIONAL SHAPE FOR BM1
The BM1 is planned to be composed of rectangular coil blocks. Then, the procedure of the optimization for the cross sectional shape is as follows: 1) calculation of the multipoles determined from the cross sectional configuration of coil, 2) search of the minimum value of field uniformity from these multipoles
Calculation of the Multipoles
For four helical current blocks, current density kjz, x-coordinate f x l , kx2, y-coordinate ky 1, ky2,with dipole symmetry, the interior normal multipoles Bn for r < m, are given as follows, [5, 6, 7] where sin [ (n-2) tan-' ( ; ) I , n=3,5,. . . 
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where ro is the reference radius, and the normal multipole coefficients bn is defined as bn=Bn/B 1.
Relation between Field Uniformity and Multipole Coefficients for Dipole Coils
The interior magnetic field of 2-dimensional dipole coil with the infinite length is given as follows, on the European definition, The required condition of multipole coefficients depends on the shape of the uniform region where the field uniformity is prescribed. The shape of the uniform field region for BMl is shown in Fig.2 .
Therefore, the requirement condition for the normal multipoles can be calculated from the prescribed uniformity of the dipole field By at the boundary points of the region shown in 
Search of the Minimum Value of Field Uniformity from Multipoles
For the BM1, the contour plot of the approximated field uniformity U=U(b3,bg, ... ), as a function of the horizontal. coordinates x i and x2 of the upper main coil and lower main coil from the initial coil configuration, is shown in Fig.4 . From this figure, the optimal value of (xi, x2) is easily obtained. 
FIELD ANALYSIS
In this field analysis, it is assumed that both main and shield coils axe fabricated from the superconducting wire which permits the overall current density of 200 A mm-2.
For the case without the vertical bias field of -0.6 T, the distribution of field vectors is shown in Fig.5 , together with the cross sections of coils. The inversely vertical bias field -Bbias increases the total field between the main coils and the shield coils, and changes the location of the maximum field and the magnetic forces acting on each coil. The contour plot of I(By-ByO)/ByO1 is shown in Fig.6 The white region corresponds to the larger region of I(By-Byo)/By0I, while the black region corresponds to the smaller region. The contour plot of IBI is also shown in Fig.7 The maximum field of coils is 5.5 T.
Supporting structure for the magnetic forces should be optimized. The mechanical and cryogenic design are currently under study. Since the installation space for the bending magnet (BM1) is so limited, a compromise between the compactness for the whole structure and the easiness for the coil fabrication must be made. 
CONCLUSION
The relation between field uniformity and multipoles of dipoles was approximately obtained for the specific uniform region. It was recognized that this relation will be useful to optimize the cross-sectional shape of dipole coils such as the injection and extraction bending magnets of the SRC.
